generate alternative energy to petroleum, ethanol production from cellulosics using this bacterium has been studied widely.1 '2' To enhance its cellulolytic activity, a mutant which produces twice as much CMCase and Avicelase as does the parent strain, ATCC27405, has been obtained.3' On the other hand, search for hypercellulolytic thermophiles in volcanic environments led us to isolation of strain YM4which is C. thermocellum but produces a much stronger Avicelase activity in the medium than any other reported C. thermocellum strains.4"6' This study was aimed at improving strain YM4 for further hypercellulase-productivity to attain more effective cellulose decomposition.
Cells were grown at 60°C with shaking (100 strokes/min; 4cm of amplitude) in test tubes (18x 180mm) or 125-ml serum vials that were sealed with butyl rubber stoppers and contained the medium described earlier.5'6' Newsprint paper before printing was cut into chips (lcmx lcm) and used for decomposition tests.
Printed paper gave essentially the same results. Avicelase, Cells at logarithmic phase were transferred to a petri dish, dried, and irradiated with UV light using a 15W germicidal lamp at a distance of 20cm for 0.5 to 30min under a stream ofN2 gas. UV-treated cells were suspended in a liquid medium lacking a carbon source, and 0.3ml of appropriate dilutions were roll-tubed and incubated at 60°C in test tubes containing 10ml of agar medium with Avicel at 1% as the sole carbon source. From about 300 colonies screened for each treatment, ones developing early or having large clear zones of hydrolysis around them were picked up and, after single colony isolation using the same medium, tested for cellulolytic enzyme production in liquid culture. Mutants producing more cellulolytic activities than YM4 were obtained by UVtreatment for 0.5 and 6min and designated as UV-0.5a and UV-6b, respectively. Those strains were further mutagenized with gammairradiation from 60Co at doses of 25 to 400 kRad, and induced mutants were screened for higher cellulase production by the same procedure used for UV-treated cells. A hyper-cellulase-producing mutant designated as y-25a was obtained by gammairradiation of strain UV-0.5a at a dose of25kRad. Table I summarizes activities of enzymes produced by mutants. Strain y-25a produced twice the Avicelase, three times the xylanase, and two and a half times the cellobiase activities per ml of culture mediumwhen compared with the parent strain. Further attempts to improve y-25a by mutation with 7V-methyl-/V'-nitro-/V-nitrosoguanidine were not successful.
The most intriguing difference between YM4and y-25a is seen in the relative ratios of enzymatic activities. The relative ratios of activities of Avicelase, xylanase and Cultures were grown at 60°C for 48 hr in test tubes containing 1% Avicel as the carbon source. Eighty ml of mediumin a 125-ml vial was inoculated with a 2% inoculum of each strain at logarithmic growth phase and incubated at 60°C using Avicel as the carbon source.
At indicated times, 5-ml samples were withdrawn for measurement of residual cellulose. respectively. C. thermocellum YM4forms enzyme complexes (cellulosomes) which contain all those enzymes, representing about 97% of CMCase activity this strain produces (unpublished data), and retain a unique structure with 45-50 subunits regularly arranged.8' It was also confirmed that more than 95% of the CMCase activity produced by -/-25a existed in cellulosomes of which the size was estimated to be almost the same as the one from YM4 on the basis of gel filtration behavior. This differential effect of relative activities of enzymes suggests that y-25a may possess altered control mechanism(s) for the production of enzymes involved in cellulosomes and produce cellulosomes with a different ratio of subunits. For evaluation of y-25a as an active cellulose degrader, the cellulose digestion rate was compared with those of YM4 and ATCC31449 (Fig. 1) . Ten grams per liter of Avicel in the mediumwas almost completely decomposed within 20hr by y-25a when inoculated at 2% (vol/vol), but YM4needed a few more hours for complete digestion and. ATCC31449 degraded only 5.5g/1 of Avicel after 60hr. Improvement in the digestion rate of cellulosics using y25a was more clearly demonstrated in digestion or newspaper. Figure 2 compares breakdown of newspaper and formation ofethanol by YM4and y-25a. In YM4culture, apparent disintegration of newspaper occurred only after 6 days of incubation. By contrast, y-25a disintegrated newspaper into small pieces in a day. Newspaper contains lignin and hemicellulose (mostly xylan),9) and association of cellulose with those componentsmakesit moreresistant to enzymatic attack. Thus, YM4was not as effective as it was with pure cellulose, Avicel. However, in the case ofy25a, its hyperproductivity of xylanase and Avicelase may synergistically work and cause this drastically improved disintegration rate of newspaper. Another possibility may include change(s) in arrangement of subunits or structure of cellulosomes induced by mutation so that the cellulosomes can attack lignocellulose more effectively. As the last notice, y-25a maintained its high cellulase productivity after the 5th subculture.
